circuits and it can provide an idea system where we can make use of both charge and spin of electrons. However, seeking room-temperature ferromagnetic semiconductors is still just an appealing idea that has never been realized in practice up to now. Here we demonstrate that graphene monolayer, hybridized with underlying Ni(111) substrate, is the room-temperature ferromagnetic semiconductor that has been continuously searched for decades. Our spinpolarized scanning tunnelling microscopy (STM) experiments, complemented by first-principles calculations, demonstrate explicitly that the interaction between graphene and the Ni substrate generates a large gap in graphene and simultaneously leads to a relatively shift between majority-and minority-spin bands. Consequently, the graphene sheet on the Ni substrate exhibits a spinpolarized gap with energy of several tens meV even at room-temperature. This result makes the science and applications of room-temperature ferromagnetic semiconductors achievable and raises hopes of graphene-based novel information technologies. to the low solubility of magnetic elements and the immature technology to highly concentrate the magnetic ions at present, the obtained highest TC of the ferromagnetic semiconductors is still lower than 200 K up to now. Therefore, after seeking for several decades with great efforts, the realization of room-temperature ferromagnetic semiconductors seems to become a science fiction that is beyond the grasp of today's technology.
Ferromagnetic semiconductors, taking great advantages of both charge and spin degree of freedom of electrons, open up possibilities for new semiconductor-based data processing and memory applications 1, 2 . During the past decades, looking for high Curie-temperature (TC) ferromagnetic semiconductors, especially for those with the ferromagnetism persisting above room-temperature, has attracted immense research interest. There are two general strategies to achieve this objective. A straightforward method is to directly synthesize gapped materials with high TC ferromagnetism.
Stoichiometric EuO is one of the rare obtained intrinsic ferromagnetic semiconductors with the record high Curie temperature of ~ 69 K [3] [4] [5] . Although it was predicted to host many promising properties (such as the nearly 100% spin-polarized current), the relatively low TC and instability in air hinder its application 5 . Another available method is to introduce a high concentration of magnetic ions into nonmagnetic semiconductors 6 .
According to the meanfield p-d Zener model 6 , the TC of the diluted magnetic semiconductors (DMSs) depends tightly on the magnetic impurity concentration x and hole concentration p (carrier mobility) as ∝ 1 3 ⁄ . Several well-established DMSs [7] [8] [9] [10] [11] [12] [13] [14] [15] , such as (In,Mn)As and (Ga,Mn)As, have been realized successfully and demonstrated experimentally to be robust ferromagnetic semiconductors. However, due to the low solubility of magnetic elements and the immature technology to highly concentrate the magnetic ions at present, the obtained highest TC of the ferromagnetic semiconductors is still lower than 200 K up to now. Therefore, after seeking for several decades with great efforts, the realization of room-temperature ferromagnetic semiconductors seems to become a science fiction that is beyond the grasp of today's technology.
Both the said two strategies try to induce room-temperature ferromagnetic semiconducting state in the whole ultimate material, as schematically shown in Fig. 1a .
However, it was demonstrated to be almost impossible in practice. Here, we report a new recipe to achieve this goal by only driving a small part, i.e., only the surface, of an artificial system into the room-temperature ferromagnetic semiconducting state (Fig.   1b ). Our work demonstrates that graphene monolayer on Ni(111) substrates is the roomtemperature ferromagnetic semiconductor that scientists dream to realize it for decades.
Pristine graphene is a diamagnetic semimetal 16 . Recently, many groups attempt to introduce magnetism in graphene [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [30] [31] [32] (the growth process is schematically shown in Fig. S1 ). The thickness of the as-grown graphene is characterized by Raman spectra measurements. In the hBN/Cu system, we clearly observed the large band gap, ~ 5.9 eV, of the hBN monolayer (see Fig. S4 ). This indicates that the STM could predominantly probe the electronic states of the topmost monolayer underneath the STM tip, and the observed gap in Fig. 3a mainly reflects the electronic structure of the graphene monolayer on the Ni(111) surface 29, 34 . The Ni(111) surface should play a vital role in the emergence of the gap in graphene because that graphene monolayer on other metallic substrate, such as Cu [35] [36] [37] [38] , usually exhibits V-shaped spectra and there is no measurable band gap ( Fig.   S5 ), as expected to be observed for the pristine graphene monolayer.
The observation of a finite gap in the graphene monolayer on the Ni(111) surface is quite reasonable since that the substrate generates enormous sublattice asymmetry in graphene ( Fig. 2e) , which is expected to open a gap in it [39] [40] [41] [42] [43] . However, with considering the strong chemical interaction between graphene and Ni and the observed large sublattice imbalance in graphene, the obtained gap, ~40 meV, in the graphene monolayer ( Fig. 3a) is unexpectedly small. The observed gap is only comparable to the expected gap for a graphene monolayer on hBN substrate 40, 41 , whereas the interaction between graphene and hBN is much weaker than that between graphene and Ni. To fully understand the electronic structure of the graphene monolayer on Ni (111) surface, we carried out first-principles calculations on this system. To further confirm the ferromagnetic semiconducting state of the graphene on Ni (111) surface, we carried out spin-polarized STM measurements, which provide us unprecedented opportunities to further identify the origin of the gap by directly detecting the majority-and minority-spin bands of graphene separately (Fig. 4 ) 45, 46 . In our experiment, we used electrochemically etched Ni tips ( Fig. S6 and Fig. S7 ) as the spin-polarized tip 47 . Due to the weak magnetocrystalline anisotropy of Ni 48 , the magnetic polarization of the tip is always along the STM tip, i.e., perpendicular to the surface of the sample, due to the shape anisotropy of the STM tip. Before the STM measurements, a magnetic field of B = 2.0 T (B = -2.0 T) perpendicular to the surface of the sample was applied on and then removed gradually to obtain an up-polarized (down-polarized) STM tip. After that, a magnetic field B = -0.02 T, which is much smaller than the reversal field of the tip that usually ranges from about 200 to 300 mT in our experiments, is applied on the sample to make sure that the spins of the sample are down-polarized. As a consequence, the magnetizations of the STM tip and the sample are either parallel or antiparallel, as shown in Fig. 4a . Similar method can be adopted to make sure the spins of the sample up-polarized by using the magnetic field of B = 0.02 T, as shown in Figure 4b . Because of the spin conservation during the elastic electron tunnelling, we can detect the spin-up and spin-down bands of graphene separately, as schematically shown in Fig. 4 . In the case that the magnetizations of the STM tip and the sample are parallel, the measured tunneling spectrum mainly reflects the local density-of-state (LDOS) of the spin-up electrons in the sample. In the other case that the magnetic polarizations of the tip and the sample are antiparallel, the recorded dI/dV spectrum is primarily contributed by the LDOS of the spin-down electrons in the sample. For simplicity, the above discussion are based on the assumption that the STM tip is 100% spin-polarized. In summary, we demonstrate, via spin-polarized STM measurements, that the strong interaction between graphene and Ni substrate generates a large gap in graphene and simultaneously leads to a relatively shift between the majority-and minority-spin bands.
Consequently, the graphene sheet on Ni substrate exhibits a spin-polarized semiconductor band structure even at room temperature. Although the whole system is not a ferromagnetic semiconductor, our result indicates that it is facile to realize the room-temperature ferromagnetic state in a part of the artificial system. This may raise hopes of graphene-based novel technologies in the near future.
Methods:

Density functional theory (DFT) Methods
Density functional theory (DFT) 1 
STM/STS measurements
The STM system was an ultrahigh vacuum scanning probe microscope (USM-1400S and USM-1500S ) from UNISOKU. All the STM and STS measurements were performed in the ultrahigh vacuum chamber (~10 -10 Torr) with constant-current scanning mode. The STM tips were obtained by chemical etching from a wire of Pt(80%) Ir(20%) alloys. Lateral dimensions observed in the STM images were calibrated using a standard graphene lattice and a Si (111)-(7 × 7) lattice and Ag (111) surface. The dI/dV measurements were taken with a standard lock-in technique by turning off the feedback circuit and using a 793-Hz 5 mV a.c. modulation of the sample voltage. All the STS measurements were not recorded until the right standard tunnelling spectra of graphite was obtained.
LPCVD method to grow graphene on Ni foils.
A traditional ambient pressure chemical vapor deposition (APCVD) method was adopted to grow controllable layers of graphene on Ni (111) 
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